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INTRODUC TION 
In western Europe, calcareous grasslands represent threatened species-rich 
ecosystem. They are considered as the result of Neolithic human forest clearance 
and were used as sheep-walks and cultivated land for many centuries (Smith, 
1 980). Nowadays, since the modern agricultural revolution in the 50ths, these 
grasslands have lost their former significance as a food resource for agriculture and 
were progressively abandoned. This appeared especially because of the agricul­
tural impediments of these grasslands in the general productive context (Green, 
1 990) .  As a consequence, natural seriai changes occurred in the absence of 
grazing, leading to natural succession which proceeded to plagioclimax of scrub 
and/or species poor-coarse grasslands. The need of management to conserve these 
communities by sheep grazing has been discussed in general terms by Wells 
( 1 965) and is now applied experimentally in northern Europe (Willems, 1 990 ; 
Dutoit & Alard, 1 996) .
Although the effects of grazing and mowing on botanical diversity and 
richness in chalk grasslands are well known (Wells, 1 969), there are surprisingly 
few quantitative data available on mineral contents of chalk grassland turf and 
plant (Milton & Davies, 1 947 ; Smith et al. , 1 97 1  ; Scoppola et al. ,  1 984).
Furthermore, the effects of grazing on plant diversity strongly depend on both the 
intensity of grazing and the palatability of the dominant plants . 
The latter factor is not only determined by the plant species involved, but also 
by the breed of the grazers and periods of grazing. In consequence, we cl earl y need 
to expand our information on the effects of the management regimes on such 
variables as soils and plant composition and on the ability of chalk grasslands to 
provide sufficient nutrients to support grazing animais. 
In this study, we focused on the mineral composition of chalk grassland 
species and turf in two plots of the same grassland with different management : 
one is abandoned since 1 950 and the other one is intensively grazed by sheep since 
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1 984. Particular attention was also paid on mineral contents of leaves and barks of 
sorne scrubs which generally invade the ungrazed grassland and initiate the 
succession to woodland. 
S TUDY SITE 
The study was carried out on semi-natural chalk grasslands located in the 
Saint-Adrien nature reserve 1 5  km south of Rouen ( 1  °5'3" E, 49°1 9'22" N), in the 
Seine valley in northem France (Fig. 1 ) .  The vegetation in the reserve consists of 
a mixture of stands of chalk grassland succession of different ages on Cretaceous 
chalk (Dutoit, 1996). Two plots were chosen for further investigations on mineral 
contents of chalk grassland species. 
The first plot ( 1 )  corresponds to a fenced area of 0.7 ha, which is continuously 
grazed since 1984 with a mean stocking rate of 4 texel sheep.ha·1.year·1. The
vegetation of the grassland corresponds to a short heavily grazed grassland 
dominated by Festuca lemanii. 
The second plot (2) corresponds to a tall grassland abandoned since 1 950 and 
dominated by tussock grasses, e.g. Brachypodium pinnatum and Ses feria albicans 
with encroachment by sorne scrub species, e .g .  Acer pseudoplatanus, Betula 
pubescens, Clematis vitalba Cornus sanguinea, Corylus avellana, Crataegus 
monogyna, Fra.xinus excelsior, Ligustrum vulgare, Prunus spinosa, Rosa canina, 
Viburnum lantana. 
More details of the vegetation of the site can be found in De Foucault & 
Frileux ( 1 988). 
MATERIALS AND METHODS 
Each month during the growing season (from May to September 1 992), a 
handful of the dominant species and a quadrat of 1 m2 ( 4 plots of 50 x 50 cm) were 
randomly harvested in the two plots. Both plant species ( 1 7  in the grazed plot, 19  
in  the ungrazed plot) and global plant communities samples were taken in  grazed 
and ungrazed plots in homogeneous areas defined by phytosociological data 
obtained in a previous study (Dutoit et al. , 1 995) .  The vegetation and individual 
plants were clipped at 3 cm from ground level and dried at 70 oc for 24 hours . In 
June 1 992, five soi! samples were also collected in the two plots . Leaves and barks 
of scrubs were respectively sampled in August 1 992 and in January 1 993 because 
these periods correspond to the maximum of sheep consumption (Hillegers, 1 993). 
For the statute of plant species as far as sheep consumption is concemed (Table I 
& Il), reference is made to Hillegers ( 1 993) and on personnal observations.
Plant and soi! analyses were carried out in the Laboratory of Grassland 
Ecology (University of Louvain, Belgium). Chemical analyses of plants were 
performed on dry samples. Total mineral contents (C T) was obtained by 
calcination (450 oq and nitric acid digest. After filtration, insoluble ash (CI) are 
quantified. Soluble ash (CS) were measured by atomic absorption spectrophotom­
etry for K, Na, Mg, Ca, Fe, Cu, Zn, and Mn. Phosphorous was obtained by the 
same digestion and colorimetrie determination using ammonium metavanate 
(Lambert, 1 992). Nitrogen in the plants were analysed using Kjeldahl method. 
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Figure 1 .  - Map showing the study area in the Saint-Adrien nature reserve. ( 1 )  grazed plot, (2) ungrazed plot. 
TABLE 1 
Consumption statute by sheep of sorne herbaceous species sampled in the grazed and 
the ungrazed plots, following Hillegers ( 1993 ). 
Code Code 
Ungrazed species in Grazed species in 
PCA PCA 
Bupleurum falcatum Bfa Poaceae 
Campanula rotundifolia Cro 
Carex flacca Cft Brachypodium pinnatum Bpi 
Centaura scabiosa Csc Festuca lemanii Fie 
Hieracium murorum Hmu Poa pratensis Ppr 
Hypericum peiforatum Hpe Sesleria albicans Sai 
Leontodon hispidus Lhi 
Linum catharticum Le a Leguminosae 
Ononis spinosa Osp 
Origanum vu/gare Ovu Anthy/lis vulneraria A vu 
Polygala calcarea Pca Lotus corniculatus Lco 
Pulsatilla vulgaris Pvu Medicago lupulina Mlu 
Ranunculus bulbosus Rbu 
Sanguisorba minor Smi Others forbs 
Scabiosa columbaria Seo 
Seseli libanotis Sli Achillea millefolium Ami 
Solidago virgaurea Svi Asperula cynanchica Acy 
Teucrium scorodonia Tsc Daucus carota Dca 
Thumus praecox Tpr Teucrium chamaedrys Teh 
Veronica teucrium V te 
TABLE Il 
Consumption statute by sheep of leaves (1 to 11) and barks (A to K) of woody scrubs 
(n =11) sampled in the ungrazed plot, following Hillegers ( 1993). 
Species Code Leaves Code Barks in PCA in PCA 
Acer pseudoplatanus 1 +1- grazed A Grazed in Jate winter 
Betula pubescens 2 Heavily grazed B Ungrazed 
Clematis vitalba 3 Heavily grazed c Ungrazed 
Cornus sanguinea 4 Heavily grazed D Grazed in Jate winter 
Corylus ave/lana 5 +1- grazed E Grazed in late winter 
Crataegus monogyna 6 Heavily grazed F Grazed in Iate winter 
Fraxinus excelsior 7 Heavily grazed G Grazed in winter 
Ligustrum vu/gare 8 +1- grazed H Ungrazed 
Prunus spinosa 9 +1- grazed 1 Grazed in Jate winter 
Rosa canina JO +1- grazed J Ungrazed 
Viburnum lantana 1 1  +1- grazed K Grazed in Jate winter 
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The pH of soil in a slurry with water was determined using a glass electrode. 
Nitrogen and carbon were analysed using respective] y Kjeldahl and Anne methods 
for calculating the C : N ratio. Analysis of extractable major (K20, P205, Na20, 
MgO, CaO) and trace elements (Fe, Cu, Zn, Mn) were realised by atomic 
absorption spectrophotometry after extraction with ammonium acetate and EDTA 
(pH =4.65) .  
Data about mineral concentration of  soils (five replicates) and vegetation 
samples (five replicates) were analysed by the mean of variance analysis. Data 
about mineral contents of plant species (three to five replicates) were analysed by 
the mean of PCA with the help of STAT-ITCF software. 
RESULTS 
There is no difference between chemical soil composition of the two plots 
except pH (8 . 1 -7 .9) and Fe (4.9-6.2 ppm) which differences are significative 
(p<O.Ol). The chemical analysis show low levels of Fe and Cu in relation with the 
low content of the chalk for these elements. Likewise, turf analysis show that sorne 
of the trace elements (Cu, Mn, Zn) of the two plots are particularly low notably for 
Cu, which content is significantly (p < 0.05) under the threshold of animal 
deficiency (Table III). 
TABLE III 
Comparison with threshold of animal deficiency (Jarrige 1988) of the mean concen­
tration (n = 5) of trace elements for each sample of the two herbaceous communities,
grazed (1) and ungrazed (2). (Standard error in brackets; significance: **p < 0.01, 
*p < 0.05, NS Not Significant).
Trace elements Fe Cu Zn Mn pp rn pp rn pp rn ppm 
1 .  Grazed plot 80. 1 * * 5 .8* 35.9 NS 39 .6 NS 
(9.78) (0.9 1 )  ( 1 2.02) (5.20) 
Threshold of animal deficiency 4-5 7 45 45 
2. Ungrazed plot 69.8** 5.7* 37.7 NS 29.6 NS 
( 1 5 .78) ( 1 .4 1 )  ( 10 .06) (9.00) 
At the scale of the turf (Table IV), there is no significant difference between
mineral contents of the grazed and the ungrazed plot except for P and Na which 
differences are significative (p < 0.0 1 ) .  There is also no major difference between 
mineral contents of species present in the two plots (Table IV) except for P
(Achillea millefolium, Brachypodium pinnatum and Origanum vulgare) and Mn 
(Seseli libanotis). 
Specifie plant mineral analyses show sorne differences in the distribution of 
each element between the herbaceous species present in the grazed or the ungrazed 
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TABLE IV 
Comparison between the mean concentration ( n = 5) of mineral contents of of a mean sample of herbaceous communities and four 
plants respective/y sampled in a grazed ( 1) and an ungrazed (2) plot in a chalk grass/and from May to September 1992 (Standard 
error in brackets; significance: * *p < 0.01, *p < 0.05, NS Not Significant).
C.T. C.I. K p Na Mg Ca Fe Cu Zn Mn % % mg/1 00 g pp rn pp rn pp rn pp rn 
Mean sample 
1 .  Grazed plot 7 .42 2.8 1 386 1 88 44 102 777 80.2 5 .8  35.9 39.7 
(5.9) (5 .4) (390) (26) (4) ( 1 6) ( 1 0 1 )  (9.7) (0.9) ( 1 2) (5.2) 
NS NS NS ** ** NS NS NS NS NS NS 
2. Ungrazed plot 8.0 3.0 145 1  108 35 1 14 903 69.9 5.7 37.8 29.7 
( 1 9) (26.7) (496) (25) (4) (34) (232) ( 15.7) ( 1 .4) ( 1 0) (9.0) 
Species 
1. Achillea millefolium 10 .8 2.3 2357 2 17  320 200 1 323 92.7 1 3 .0 82.8 1 15 .8  
(2.2) ( 1 )  (263) (9) ( 1 15 )  (32) (400) (20.5) (2.4) (35.7) (30.4) 
* ** NS ** * NS NS NS * * NS 
2. Achillea millefolium 14 .2 5 .3 26 14  1 24 157 198  1 563 7 1 .9 9.2 40.5 1 2 1 .6 
( 1 . 1 )  ( 1 . 1 )  ( 1 55) ( 1 2) (60) (54) (479) ( 14.2) ( 1 .3) (5.7) (25.4) 
1. Brachypodium pinnatum 6. 1 2.6 1 005 1 7 1  3 8  90 484 49.2 4 .8  29.2 24.0 
( 1 .2) (0.7) (52 1 )  ( 1 3) (4) ( 10) ( 1 49) ( 19.2) ( 1 .2) ( 1 3 .9) ( 1 1 .7) 
* * NS ** NS NS NS NS NS NS NS 
2. Brachypodium pinnatum 9 . 1  5 . 8  1 067 84 32 78 562 5 1 .6 3 .6 22.0 2 1 .2 
( 1 .4) ( 1 .7) (247) ( 1 7) (4) ( 1 5) (9 1 )  (2.4) (0.5) (3. 1 )  (3 . 1 )  
1 .  Origanum vulgare 10.2 0.7 1761  224 55 339 2 102 1 15 .8  1 2.8  1 1 1 .3 37.6 
( 1 )  (0.4) (40 1 )  (43) ( 1 9) (50) (376) (3 1 .8) (2.7) (29.5) ( 1 3 .6) 
NS NS NS ** NS NS NS NS NS NS NS 
2. Origanum vu/gare 10.6 1 .2 1 787 1 32 54 294 2 17 1  1 0 1 .6 10.4 108.2 3 1 .7 
(2.2) (0.3) ( 1 1 4) (20) ( 1 6) (3 1 )  (652) (27.5) ( 1 .6) (47.9) (6.0) 
1. Seseli libanotis 1 1 .5 0.8 1 723 1 79 3 1  256 3001  77.4 8.5 90.3 1 00.8 
(2.9) (0.3) (663) (58) (7) (82) ( 1 327) ( 1 9.5) (0.6) (20.6) (8 .6) 
NS NS NS NS NS NS NS NS NS NS ** 
2. Seseli libanotis 1 1 .2 0.9 2373 2 1 1  35 178  2228 1 22.6 1 0.0 76.8 57.9 
( 1 .6) (0.3) (423) (58) ( 1 2) (50) (702) (96.0) ( 1 .9) ( 1 6.9) (5.8) 
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Figure 2,- PCA carried out on the mean concentration (n = 5) of plant mineral contents sampled in a grazed (n = 17, circle) and an ungrazed (n = 19, square) plot of 
a chalk grassland, The code of herbaceous species and scrub species (1 to Il for leaves and A to K for barks) are given in Tab. I & II. See text for the definition of groups. 
plot (Table V) . Multivariate analyses on the mean concentration matrix show the 
mineral that influence variation in the dominant plants analysed in the two plots 
(Fig. 2). The first three axes account for almost 70 % of total variation contribution 
with 37.9 % for axis 1 (variance : 4. 17)  and 19 .3  %for axis 2 (variance: 2. 12). 
The first axis is strongly inftuenced by trace elements Fe (correlation : 0. 83), 
Cu (0. 87), Zn (0.88) and Mn (0.86) and species with a high content of trace 
elements. These species correspond to the ungrazed species of plot 1 e.g. 
Ranunculus bulbosus, Thymus praecox, Veronica teucrium (bold in Table V). Axis 
2 is more correlated with Ca (0.79), CT (0.74) and Mg (0.66). Species with high 
content of these elements correspond to Fabaceae e.g.  Ononis spinosa, Anthy/lis 
vulneraria and ungrazed species present in the two plots e.g.  Origanum vu/gare, 
Leontodon hispidus (underlined in Table V). Sorne species, which are eliminated 
by trampling in plot 1 ,  are also rich on these elements and correlated with axis 2 
e.g. Centaurea scabiosa, Teucrium scorodonia (underlined in Table V). At the 
opposite of the two axes appear graminoïds (e.g. Brachypodium pinnatum, Festuca 
lemanii, Sesleria albicans, Carex flacca) which are especially low for ali the 
mineral except insoluble ash e.g. silicon (italie in Table V). 
Projection of scrubs data as supplementary individuals (i.e. mineral contents 
of leaves and barks) shows that mineral contents of barks are lower than 
herbaceous species and leaves (Fig. 2). Only leaves of Acer pseudoplatanus are 
particularly rich on Cu ( 1 4  ppm) and Mn (223 ppm) compared with the leaves and 
barks of the other scrub species. The leaves of grazed woody species (Table Il) e.g. 
Comus sanguinea, Crataegus monogyna, Fraxinus excelsior are particularly rich 
on Ca in comparison with the ungrazed leaves e.g.  Viburnum lantana, Ligustrum 
vu/gare, Rosa canina, Prunus spinosa (Fig. 2). 
DISCUSSION 
The weakly yield of most chalk grassland turf and unpalatibility of their 
dominant species is a well-known phenomenon (Williamson, 1 976). As regard to 
our results and threshold of animal deficiency currently admitted by agronomists 
(Jarrige, 1 988), mineral contents of chalk grassland turf and plants are also 
particularly low notably on trace elements (Table III). This could be linked with 
the scarcity and the unavailability of these elements in the chalk and shallow 
rendzina (Dutil, 1972). 
The use of livestock can be a good implement to restore ftoristic diversity of 
abandoned chalk grassland (Bakker et al. ,  1 983 ; Bacon, 1 990). In a previous study 
on the effects of sheep grazing on the ftoristic composition and agronomie value 
of the same two plots of chalk grasslands in Saint-Adrien (Dutoit et al. , 1 995), we 
have shown that sheep grazing induces sorne modifications in the ftoristic 
composition of the grazed plot and an increase in plant evenness. 
Nevertheless, after eight years of sheep grazing there is no maj or difference 
between the global mineral composition of the grazed or ungrazed plots (Ta­
ble IV) . If grazing leads to a higher diversity in the plant community, it could also 
allows the occurrence of new species which represent new mineral sources 
(Fig. 2). In the grazed plot, three species (Ranunculus bulbosus, Thymus praecox, 
Veronica teucrium) are rich on trace elements (Cu, Zn, Fe, Mn) and three species 
(Achillea millefolium, Brachypodium pinnatum, Origanum vu/gare) are more rich 
on P than in the ungrazed plot (Table IV) .  This can be of interest provided that they 
are eaten by sheep ! 
16 -
-
-.] 
TABLE V 
Mean concentration (n = 5) of mineral contents of herbaceous species sampled in a grazed ( 1) and an ungrazed (2) plots in a chalk 
grass land from May to September 1992 ( see text for the signification of bold, italie and underline numbers). 
Minerais C.T. C.I . K p Na Mg Ca Fe Cu Zn Mn 
Species % % mg/100 g mg/100 g mg/100 g mg/100 g mg/100 g pp rn pp rn pp rn pp rn 
Grazed plot 
Anthy/lis vulneraria 17 .6 1 .4 1066 138  39  230 4054 99.9 7.7 98.9 72.4 
Asperula cynanchica -g:r 1 . 1  1 257 156 59 m 'rTI8 88.8 6 .7 102.0 30.6 
Daucus carola 1 1 .9 0.9 2535 24 1 149 2 1 2  2 1 39 103.6 8 .8 28 .6 79.3 
Festuca lemanii 5.7 2.1 1 1 9 1  1 83 40 74 492 1 64.0 7.0 17 .0 29.4 
Leontodon hispidus 1 1 .2 0.7 1 734 221 590 330 1 925 102.7 13 .2  104.0 66. 1
Linum catharticum 8.0 1 .0 900 1 74 42 258 1 900 1 0 1 .9 1 1 .9 79.6 29.3 
Lotus comiculatus 9. 1 0.7 1475 1 75 1 23 260 2 1 1 9  143.3 1 2.8 68.8 108.2 
Medicago lupulina 9.7 1 .0 1 226 2 1 1 64 1 97 2290 1 37.3 13 .3  50.0 46.6 
Ononis spinosa 1 3 .8 1 .4 1029 158  66 249 4726 30 1 .3 33.0 1 09.6 1 32.8 
Poa pratensis 3:0 1.8 1 324 2 1 5  32  70 -zgr 73.3 5 .3 32.9 29.4 
Ranunculus bulbosus 6.9 0.4 1 933 280 203 1 79 973 771.1 118.0 478.2 366.3 
Thymus praecox 10.9 1 .2 1 634 223 42 347 2 162 1122.4 40.4 484.8 185.2 
Veronica teucrium 10.9 0.9 2 1 86 304 58 321  2 1 1 5  442.7 38.9 414.9 109.2 
Ungrazed plot 
Bupleurum falcatum 7.6 0. 1 1 772 1 1 5  25 2 1 3  1 508 49.7 6.4 46.9 74. 1
Campanula rotundifolia 9.0 1 . 1  1 7 1 5  142 56 280 1 766 1 1 6.7 9.6 1 69.4 54.5 
Carex jlacca 4.2 3.3 1454 158  29 99 437 80.2 6.0 29.2 7 1 . 1  
Centaurea scabiosa 1 5 .0 1 .5 204 1 1 24 45 279 3350 147.3 8.4 34.8 1 2.8 
Hieracium murorum lf.O 0.6 1824 88 38 TIT 11!28" 74.2 8.9 48.7 61.7 
Hypericum perforatum 5.2 0.7 859 109 36 2 19  1 1 65 59.5 6.8 56.3 4 1 . 1  
Leontodon hispidus 1 3 .2 1 .2 3274 1 57 1 1 8  233 201 6  155 .6 1 8 .7 67 .3 72.9 
Polygala calcarea ""53"" 1 . 1  1 46 1  1 85 34 rn 104 67.8 1 0. 1  47.6 3 1 .5 
Pulsatilla vulgaris 8.5 1 .0 2267 1 77 25 1 58  1 336 77.8 1 0. 1  4 1 .7 1 8.4 
Sanguisorba minor 9.8 0.8 1 14 1  107 39 33 1  1 995 58 .8 6 .5 2 1 .0 40.3 
Scabiosa columbaria 9.2 0.8 1 794 96 43 242 1 350 7 1 . 1  6.0 90.2 35.3 
Sesleria albicans 5 . 1  1.7 1 3 1 1  79 35 1 1 9 646 80.3 4.4 29.2 1 9.6 
Solidago virgaurea 7.6 0.6 1 820 1 2 1  5 9  200 1 632 9 1 .0 9.6 45 .5 102.3 
Teucrium chamaedrys 6.8 0.8 1 278 103 37 244 1 37 1  76.8 6.8 104.7 28.4 
Teucrium scorodonia 6. 1 0.2 967 95 60 4 19  2866 1 35 .8  9 . 1  93.4 83.3 - - --
Severa! years of heavy grazing with improved sheep (Texel) have been 
necessary to broke the mat of dead material and reduce the coarse grasses of the 
ungrazed plot (Brachypodium pinnatum, Carex fiacca, Sesleria albicans). These 
species, wich are dominant in the ungrazed plot, have also the lowest amount of 
each mineral except silicon (Table V). Then, there is a risk of mineral deficiency 
for the sheep wich stay a long time in the same plot of unimproved chalk grassland 
and eat preferably poor mineral species like Poaceae and Cyperaceae (Lamand, 
1 987). 
In the ungrazed grassland, mineral contents of barks and leaves of woody 
scrubs are classically lower than herbaceous species (Fig. 2). Nevertheless, sorne 
leaves and barks are rich on Ca (Cornus sanguinea, Crataegus monogyna, 
Fraxinus excelsior) and sorne barks are rich on Cu (Fraxinus excelsior, Corylus 
avellana) and Na (Clematis vitalba, Ligustrum vulgare).  These could be particu­
larly important when considering their role as a complementary source of minerais 
for livestock (Dutoit & Alard, 1 995).
When biological conservation is the aim of management, the grazing systems 
must take into account the low nutritive value of chalk grassland turf and the 
availability of the different elements in palatable and unpalatable herbaceous 
species and scrubs. Livestock must be able to eat mineral-rich species plants which 
are usually refused by improved animais .  Therefore, the solution to restore 
species-rich chalk grasslands could be the realisation of an intermittent grazing 
system with unimproved animais, where periods of grazing and stocking-rate are 
in agreement with plant diversity and animal health (Wells ,  1 980). 
Sheep are the preferred grazers because they nibble close to the ground but 
without damaging the rootstocks or growing points of the plants (Grant, 1 985). 
The choice of unimproved races of sheep (Mergelland in Dutch ; Beulah in 
England and Solognot in France) have shown that these animais could survive in 
chalk grassland without inwentering or depending on a large supply of extra food. 
Unimproved races of sheep consume coarse grasses and species-rich mineral 
plants forsaken by improved animais .  They penetrate into scrub rather than staying 
in the open grassland as a ftock. Therefore, the consumption of leaves, barks and 
shoots of the bushes does not require a high stocking rate in enclosed plots (NCC, 
1982). This could explain the wearing down of scrub barks in winter, when leaves 
and herbaceous species are rare. 
The long term solution for biological conservation of chalk grassland must 
involve grazing, but the management system to be employed will differ depending 
on the objectives of conservation (animal or plant diversity, scrub or coarse grass 
decrease), the statute of the land (farmland, nature reserve, amenity area etc.), and 
the type of animais involved. 
ACKNOWLEDGEMENTS 
We thank Professor Jean Lambert, for his technical support which permitted 
the mineral analyses in the Laboratory of Grassland Ecology (University of 
Louvain, Belgium). We thank Professor Terry Wells (lnstitute of Terrestrial 
Ecology, U.K.) and Professeur Jo Willems (University of Utrecht, N.L.) for helpful 
comments on an earlier version of the text and the English, as did two anonymous 
referees .  This study was partly supported by the French Ministry of the 
Environment (contrat DGAD-SRAE no 94220) and the France Fund (Prix Salavin­
Foumier). 
1 8  -
SUMMARY 
In order to assess the relations between mineral contents of chalk grasslands 
and their conservation management, the dominant plant species in two plots 
(ungrazed and grazed) were sampled monthly for mineral analysis. Mineral data 
were also collected for a mean sample of the phytocenosis and the leaves and barks 
of scrubs occurring in the ungrazed plot. The main results are : a deficiency in 
copper from the phytocenosis of the two plots ; a higher content in phosphorous 
for the grazed plot from species present in the two plots (Achillea millefolium, 
Brachypodium pinnatum, Origanum vulgare) ; a mineral reservation in trace 
elements (Cu, Zn, Fe, Mn) from three herbaceous species of the grazed plot 
(Ranunculus bulbosus, Thymus praecox, Veronica teucrium). Mineral contents of 
barks from scrub species are classically lower than herbaceous species. However, 
sorne leaves (Fraxinus excelsior, Cornus sanguinea, Crataegus monogyna) are as 
rich in calcium as herbaceous species. Therefore, few differences exist between 
mineral contents of the two phytocenosis.  Nevertheless, conservation management 
systems with sheep grazing have to pay a special attention to the mineral resources 
of chalk grasslands for the realisation of grazing systems in agreement with the 
objectives of biological conservation. 
Key words : Mineral contents, Chalk grasslands, Conservation management, 
Grazing system, Upper-Normandy, France. 
RÉSUMÉ 
Afin de mieux cerner les relations qui existent entre les teneurs minérales des 
pelouses calcicoles et leur gestion conservatoire par le pâturage ovin, les espèces 
végétales dominantes de deux parcelles (abandonnée ou pâturée) ont été échan­
tillonnées mensuellement pour analyses minérales. Ces analyses ont également été 
réalisées sur des échantillons d' herbages ainsi que sur des feuilles et écorces 
d' arbustes présents dans la parcelle abandonnée. Les principaux résultats sont : 
une carence en cuivre dans les herbages des deux parcelles ; une teneur en 
phosphore plus forte dans la pelouse pâturée chez les espèces présentes dans les 
deux parcelles (Achillea millefolium, Brachypodium pinnatum, Origanum vul­
gare) ; une réserve minérale en oligo-éléments (Cu, Zn, Fe, Mn) dans trois espèces 
herbacées de la parcelle pâturée (Ranunculus bulbosus, Thymus praecox, Veronica 
teucrium) . Si les écorces des ligneux pionniers ont classiquement des teneurs 
minérales moins élevées que les espèces herbacées, certaines feuilles (Fraxinus 
excelsior, Cornus sanguinea, Crataegus monogyna) sont cependant aussi riches en 
calcium que les espèces herbacées. Peu de différences existent donc entre les 
teneurs minérales des deux herbages. Les systèmes de gestion conservatoire 
faisant appel au pâturage ovin doivent toutefois tenir compte des ressources 
minérales des pelouses calcicoles pour réaliser des systèmes de pâturage compa­
tibles avec les objectifs de conservation de la biodiversité. 
Mots-clés : Teneurs minérales, Pelouses calcicoles, Gestion conservatoire, 
Système de pâturage, Haute-Normandie, France ; 
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